Chiroinositol deficiency and insulin resistance. I. Urinary excretion rate of chiroinositol is directly associated with insulin resistance in spontaneously diabetic rhesus monkeys.
Previously, we demonstrated that nondiabetic insulin-resistant monkeys had reduced covalent insulin activation of muscle glycogen synthase (GS) compared to normal monkeys and that covalent insulin activation of adipose tissue GS was absent in these monkeys. Covalent insulin activation of muscle and adipose tissue GS in monkeys with impaired glucose tolerance and noninsulin-dependent diabetes (NIDDM) was also absent. As in humans, monkeys with NIDDM have a lower urinary excretion rate of chiroinositol (CI), a component of a putative mediator of insulin action, compared to normal monkeys. To determine whether the urinary excretion rate of CI was related to insulin resistance, which develops naturally in many obese rhesus monkeys, we examined the relationships between 24-h urinary CI excretion rate and 1) whole body insulin-mediated glucose disposal rates (M) and insulin-mediated changes in 2) the skeletal muscle GS activity ratio (sm delta GSAR), 3) the skeletal muscle glycogen phosphorylase activity ratio, and 4) the adipose tissue GS activity ratio (at delta GSAR) in 27 monkeys ranging from normal (n = 12) to insulin resistant (n = 8) to overtly diabetic (n = 7). The urinary CI excretion rate was significantly correlated with M (r = 0.47; P < 0.02), sm delta GSAR (r = 0.38; P < 0.05), skeletal muscle glycogen phosphorylase activity ratio (r = -0.49; P < 0.01), and at delta GSAR (r = 0.46; P < 0.02). The urinary CI excretion rate was also correlated with glucose tolerance (r = 0.39; P < 0.05). There was a wide range of urinary CI excretion rates (0.42-5.17 mumol/day) in monkeys with normal fasting plasma glucose concentrations. However, of the 7 diabetic monkeys, 6 had a urinary CI excretion rate below 2.0 mumol/day, and in the subgroup of 16 monkeys with a urinary CI excretion rate less than 2.0 mumol/day, the associations of urinary CI with M rate (r = 0.65; P < 0.005), glucose tolerance (r = 0.63; P < 0.01), and sm delta GSAR (r = 0.73; P < 0.001) increased in strength and significance. We propose that the urinary CI excretion rate may be 1) a biochemical indicator of both in vivo and in vitro insulin resistance and 2) a noninvasive diagnostic tool with potential for the identification of those individuals at risk for NIDDM and other related diseases with insulin resistance.